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Purpose 
 
The purpose of this study guide is to provide information to exam applicants concerning exam 
format, general content of the exam and equipment required for the field component; it is not 
intended to provide the technical foundation necessary to pass the exam.   
 
You are expected to have an understanding of the general configuration and function of septic 
systems.  This guide includes some fundamental information relating to these topics.  If these 
topics are new to you or are unclear, you should refer to the reference list provided at the end of 
this compilation for sources of information you could consult to improve your understanding of 
topics of which your understanding is weak. 
 
Additionally, you must have an understanding of the ISDS regulations.  The ISDS regulations 
are available on the DEM website.  To navigate to this document from DEM home at: 
http://www.state.ri.us/dem, select “Programs”, then “ISDS”, and then from the panel on the right 
side of the screen the link “Listing of ISDS Regulations” 
 
When you study the regulations, do not neglect to review Appendix 1 and 2.  Appendix 1 
discusses soil morphology, soil description; Appendix 2 discusses soil characteristics, associated 
landforms and on-site considerations. 
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Responsibilities of a Licensed Soil Evaluator 

 
Once the exam is passed, be aware that a licensed soil evaluator has responsibilities beyond 
conducting the soil evaluation service for clientele.   
 
Regulatory Permitting Requirements 
It is the responsibility of the licensee to follow the regulations concerning submission of 
applications for permitting-related activity and data to the Department.   
 
Renewal of License 
Soil evaluator licenses are renewable in December of odd-numbered years, a two-year renewal 
cycle.  The soil evaluator license is a separate license under the DEM ISDS designer licensing 
program and renewal must be requested independent of other licenses you may possess.  
Renewal requires submission to the Department of a renewal application form, with a renewal 
fee of $100 and documentation of required continuing education.   
 

Continuing Education  
Required continuing education is 8 “classroom hours” every two-years; note that “classroom 
hours” is a description of credit value and not a measure of contact time.  Continuing 
education must be obtained after the license is issued and during the two-year license cycle 
(there is no provision for banking credit overages for the next renewal).  The URI Onsite 
Wastewater Training Center releases a schedule of events in the spring; the ISDS licensing 
section of the DEM website provides a link to the Training Center.  The ISDS Licensing 
section of the DEM website also provides information concerning continuing education 
events available.  The ISDS licensing section of the website may be located from DEM home 
at: http://www.state.ri.us/dem by selecting “Programs”, then “ISDS”, then from the left side 
of the screen, the link to the “Installers and Designers Licensing Program”.  Licensees are 
encouraged to seek additional opportunities, in the form of courses, seminars or workshops.  
If a licensee identifies an event which might be suitable for continuing education credit, as 
much specific information about the content of the event as possible, should be provided to 
the ISDS program for evaluation.  The more lead-time provided for this review, the greater 
the likelihood of obtaining a determination in time to register for the event. 
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Examination logistics 
 
Location and Time 
Specific instructions concerning location of the exam and the time by which you must arrive will 
be provided to applicants after the exam application deadline.   These specific instructions will 
include a map and driving directions to the exam location and the time by which you must arrive 
at the location of the exam.  
 
Weather  
Arrive on time even if it rains. Weather conditions will be evaluated in the field the morning of 
the exam.  The rain date for the field exam will be scheduled based on the weather forecast the 
day of the exam and for the day following the exam.  The rain date decision will be made the day 
of the exam, so you must arrive at the location specified in the exam-specific instructions as 
scheduled.   
 
Lunch 
If you are taking both components of the exam, bring your lunch.  The exam-day schedule is 
highly structured and is not flexible.  If you leave for lunch and are late returning, there will be 
no special accommodation made to provide you with extra time to complete your afternoon 
component.   
 
An example exam day schedule is included in this guide so you will know what to expect the day 
of the exam. 
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Examination Specifics 
 

Two Components: Written Examination and Field Examination 
Each section will be graded separately.  Both must be passed.  They do not have to be passed 
concurrently.   If more than 2 years elapse between passing both components, the component originally 
passed must be retaken.  Examinees will be notified of results in writing within 60 days after the 
examination date. * 
 

Examination Content * 
! Principles of on-site sewage treatment and disposal; 
! Understanding of the applicable state regulations; 
! Geology and soils of Rhode Island; 
! Soil textural analysis and profile descriptions; 
! Estimating mean seasonal high groundwater elevations using soil morphology; and 
! Soil moisture and drainage characteristics of soils. 

 

*Information from ISDS Regulations, Section 25.03 
 
 
Written Examination Format 
 

! Closed-book  
! Multiple choice 
! Fill-in the blank 
! True/false 
! 2 hours to complete (No talking will be allowed.  When finished and your exam is turned in, 

you may leave the room.) 
 
Field Examination Format 
 

! Three soil pits will be evaluated 
! Complete a Field Card (provided by DEM the day of the exam) for each of the three pits 
! Guidance materials are permitted for the field examination 
 
At the pits (50 minutes per pit, 10 minutes transit to the next pit) 
! 6 examinees (maximum), each group’s DEM guide and pit monitor will be present at each pit  

 
Sequence: 
Group A (3 examinees) Group B (3 examinees) 
10 minutes in 10 minutes out 
20 minutes out 20 minutes in 
15 minutes in 15 minutes out 
5 minutes out 
(cards collected at end of 5 minute interval) 

5 minutes in  
(cards collected on way out of pit) 

Depart for the next pit. Depart for the next pit. 
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Example Exam Day Schedule 

 
Rhode Island Department of Environmental Management 

Class IV Soil Evaluator Examination 
 

    

SCHEDULE 
 

Groups 1, 2, 3  Groups 4, 5, 6  
8:30 – 8:45 Registration 8:30 – 8:45 Registration 

8:45 – 9:00 Distribution of exams/instructions 8:45 Depart Parking Area for assigned soil pits 

9:00 – 11:00 Written exam 8:50 – 9:40 Each group’s first pit 

11:00 – 12:00 Lunch  Group 4 – Pit 1 

12:30 Depart Parking Area for assigned soil pits  Group 5 – Pit 2 

12:40 – 1:30 Each group’s first pit  Group 6 – Pit 3 

 Group 1 – Pit 1 9:40 - 9:50 Transit to next pit 

 Group 2 – Pit 2 9:50 – 10:40 Each group’s second pit 

 Group 3 – Pit 3  Group 4 – Pit 2 

1:30  - 1:40 transit to next pit  Group 5 – Pit 3 

1:40 – 2:30 Each group's second pit  Group 6 – Pit 1 

 Group 1 – Pit 2 10:40 -10:50 Transit to next pit 

 Group 2 – Pit 3 10:50 – 11:40 Each group’s third pit 

 Group 3 – Pit 1  Group 4 – Pit 3 

2:30 - 2:40 transit to next pit Group 5 – Pit 1 

2:40 – 3:30 Each group’s third pit  Group 6 – Pit 2 

 Group 1 – Pit 3 11:40 - 11:50 Transit to Parking Area 

 Group 2 – Pit 1 11:50 – 12:50 Lunch 

 Group 3 – Pit 2 1:05 – 1:15 Distribution of exams/instructions 

3:30 - 3:40 Transit to Parking Area 1:20 – 3:40 Written Exam 
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Field Examination 
 
Required equipment for the field component 
 

! Soil Color Book 
Munsell Soil Color Books are available from:  
 Forestry Suppliers Inc. 

P.O. Box 8397 
Jackson, MS 39284-8397 
Tel: (800) 647-5368, Fax: (800) 543-4203 

 http://www.forestry-suppliers.com
  

Ben Meadows:  http://www.benmeadows.com
Phone 1-800-241-6401  
Fax 1-800-628-2068 

 

! Clip board 

! Pencils & Erasers 

! Water bottle 

! Towel 

! Soil knife 

! Any guide materials you would use in the field for soil evaluation 

! Plastic bag or other method to shield your recording sheet from 

inclement weather  

! Back pack, bucket or a bag for toting clothing and equipment 

! Specimen tin to hold soil samples (disposable muffin pans work well) 

! “Sharpie” marker for labeling tin  

! Masking tape on which to label specimen tin  

 
You will be in the field for 3 hours, the following are suggested: 

! Wear appropriate field attire (boots and jeans) 

! Bring “layers” of clothing, consider a hat  

! Be prepared for light rain 

! Consider an extra pair of shoes 

! Insect repellant is recommended 

! Sun screen may be desired 

DEM will supply for use at the examination: 
! Spades 
! Clinometers 
! USGS map of the area 
! Cards on which to record field exam information 
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Recording Information at the Soil Pits  
 
 

Control Section 
 
 
 
 
 
 

• The control section is a section of the pit wall of approximately two to three feet in width.  The boundaries 
of the control section will be marked with ribbon.   

 

• The control section is the part of the soil profile you must describe. 
 

• You will collect soil samples from outside the boundaries of the control section for evaluation of 
required properties.   

• At the pit, time is scheduled in and out of the pit.  It is recommended that you use muffin pans (or any 
other method you may devise) to collect your soil samples in the pit for texturing and coloring during your 
rotation out of the pit. 
A disposable aluminum muffin pan with one corner folded in can be keyed to a sketch you draw on your 
filed card, so that you do not have to label the cups on the pan.   Example:   

  

  

 

 
Cross Section of Pit Showing Control Section 

RibbonRibbon

Tape Measure

“Control Section” 
Do Not Disturb

2 – 3 ft.
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Recording Information at the Soil Pits 
 
An example of the card on which you will record your observations is depicted on the next page.  
You will note that the card used for the field component of the Soil Evaluator Exam is different 
from the DEM Site Evaluation Report Form on which the soil evaluation is recorded.   
 
Field Exam Reporting Card - Side 1 
On side 1 of the field exam reporting form, each element of soil description is presented in a 
distinct column; this requires that each element of the description be considered individually 
during the exam, as one is describing each element of a soil horizon.  
 
If you do not observe a characteristic, draw a line through the box indicating that you have 
considered that element, but that it was not observed.  If a box is left blank, without such a 
mark, it will be assumed that you were not able to make a determination, which will negatively 
influence your score. 
 
Depth must be recorded in inches. 
 
Nomenclature which must be used is keyed by each section of the field exam reporting card to 
the pages in Appendix 1 of the ISDS regulations on which each is described, on the page 
following side 2 of the example card which follows.   
 
Field Exam Reporting Card - Side 2 
Landform and Landscape position - On side 2 of the field exam reporting form, you are 
required to identify the type of landform in which the test pit is located as well as the landscape 
position (hillslope profile position) of the pit.  Landforms are discussed later in this study guide.  
Below is a simple diagram of landscape position. 
 

toeslope footslope

backslope

summit 

shoulder

 
 
 
 
 
 
 
 
 
 
Slope - You will be required to record the slope of the land within which the pit has been 
excavated.  A clinometer will be available at each pit for determination of slope.  There will be 
time before the exam begins to practice using the clinometer to determine slope. 
 
Parent Material(s) - Note that if 2 parent materials are observed both must be recorded. 
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RHODE ISLAND DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 

CLASS IV SOIL EVALUATION EXAMINATION 
 

 
NAME: _______________________ : ______________________ 

 
 

HORIZONATION 
 

 
BOUNDARY 

 
MOIST 

CONSIST. 

 
REDOX FEATURES 

 
Depletions 

 
Concentrations 

 
Prefix 

 
Master 

 
Sub. 

 
No. 

 
Depth 
( in) 

 
Distinct. To

 

 
Abundance 

 
Contrast 

 
Abundance 

 
Contrast 

            

            

            

            

            

            

            

       

       

Format of card us Class IV Exam. 

Nomenclature is described and keyed  following Side 2 of this data card 

• Record depth in inches 
• If you do not observe a character onsidered that element, but that it 

was not observed.  Boxes which ate that you were not able to make a 
determination, which will negati

 
Depth to limiting layer (inches): _______
 
Depth to groundwater or seepage (inc
 
Depth to seasonal high watertable (in
(if below soil profile, so indicate) 
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____________________________ PIT #

 
TEXTURE 

 
COLOR 

 
STRUCTURE 

 
po 

 
Coarse 

Fragment 
Modifier 

 
Class 

 
Hue 

 
Value 

 
Chroma 

 
Grade 

 
Shape 

 
Size 

        

        

        

        

        

        

        

 

ed for the field component of the 
 

Side 1 
 

 to pages in Appendix 1of the ISDS regulations on the page
 

istic, draw a line through the box indicating that you have c
are left blank without such a mark, will be assumed to indic
             

             

vely influence your score.

_______ 

hes): ______________ 

ches): ______________ 
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NOTE: 
If two parent materials are 
present, record both of them

 
 
SITE INTERPRETATION 
 
 
 
  
 
Landform Landscape Position 

  
Slope 

 
Parent Material (s) 

 _____ Floodplain   
    

   
  

     

       

_____ Summit _____ 1 – 3% _____ Eolian Deposits
_____ Stream Terrace _____ Shoulder _____ 3 – 8% _____ Glacial Ice Contact 
_____ Coastal Dune _____ Backslope _____ 8 – 15% _____ Proglacial Outwash 
_____ Depression _____ Foot slope  _____ 15 – 25% _____ Dense Glacial Till 
_____ Moraine (Recessional/Terminal) 

 
_____ Toe slope 

 
_____ 25 – 35% 

 
_____ Loose Glacial Till 

 _____ Drumlin _____
 

None
 

_____
 

> 35%
 

_____ Dune
_____ Till Ridge _____ Alluvial

 _____ Outwash Plain _____ Other (organic soils) 
_____ Esker, Kame or Kettle       
_____ Other Upland Area
 
 
 
 

 

Format of card used for the field component of the Class IV 
Exam. 

 
Side 2 

Landforms, soil characteristics and parent material are discussed in Appendix 2 of the ISDS Regulations 
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Nomenclature to be used on Soil Pit Reporting Cards 
 
*****NOTE: Page numbers indicate the page in Appendix 1 in the January 2002 ISDS Regulations ***** 

 
Horizonation: 
• “Prefix” –  Indicates a lithologic discontinuity; see page 89-90  “Discontinuities”. 
• “Master” (Master Horizon, abbreviated O, A, E, B, C, R)– See page 86  “Master Horizons” and page 87  

Transitional Horizons.  Record the top of the 1st mineral horizon. 
• “Sub.” (Subordinate distinction) –  See page 88  “Subordinate Distinctions within Master Horizons”. 
• “No.” (Number) – See page 89  “Vertical Subdivisions”. 
 
Boundary: 
• “Distinct.” (Distinctness, abbreviated a, c, g, d) – See page 100  “Horizon Boundaries”. 
• “Topo” (Topography, abbreviated s, w, i, b) – See page 100  “Horizon Boundaries”. 
 
Texture: – Discussion of elements of texture begins on page 94 
• “Coarse Fragment Modifier” –  See page 97  “Coarse Fragment Modifiers” 
• “Class” – See pages 96 and  97  “Sand Size Modifiers” and “Textural Classes” 
 
Color: - See page 90  “Color” 
• “Hue”  – (A component used to describe color in Munsell color notation)– See page 91. 
• “Value” – (A component used to describe color in Munsell color notation)– See page 91. 
• “Chroma”  – (A component used to describe color in Munsell color notation)– See page 91. 
 
Structure: – See pages 98 – 99 “Structure”, “Type”, “Size”, “Grade” 
• “Grade” – See page 98 – 99 “Grade” 
• “Shape” – Abbreviated gr, pl, abk, sbk, pr, sg, m. See page 99 “Type” 
• “Size” – See Page A1 – 13 – 14 “Size”, also refer to Figures 6 and 7 
 
Moist Consist (Moist Consistence, abbreviated l, vfr, fr, fi, vfi, efi) – See page 99-100 “Consistence”. 
 
Redox Features 

Depletions: See page 91 “Redoximorphic Features” and Page 93 “Redox Depletions” 
• Abundance – See page 92 “Abundance of Redoximorphic Features” 
• Contrast - See page 92 “Contrast of Redoximorphic Features” 

 
Concentrations: See page 91 “Redoximorphic Features” and Page 93 “Redox Concentrations” 
• Abundance – See page 92 “Abundance of Redoximorphic Features” 
• Contrast - See page 92 “Contrast of Redoximorphic Features” 

 
Depth to limiting layer (inches): If observed, record the depth to horizon which is limiting to water movement.  
This may be evidenced by but not limited to a Cd horizon (densipan) or conditions which result in a perched 
watertable.  “Impervious” for purposes of determining ISDS suitability is defined in the ISDS regulations. 
 
Depth to groundwater or seepage (inches): If observed, record the depth to water or water seeping in on the pit 
wall. 
 
Depth to seasonal high watertable (inches): If observed, record depth to seasonal high watertable (Clue – think 
about redox features!), if below the observed soil profile, so indicate. 
 
On the back side of the card: Be aware that if two Parent Materials are observed, record both of them
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STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS 
Department of Environmental Management 

Office of Water Resources 
 

Site Evaluation Form 
 Part A - Soil Profile Description Application Number _____________ 

Property Owner:  _____________________________________________________________________________________________________________ 
Property Location:   ___________________________________________________________________________________________________________ 
Date of Test Hole:  ___________________________________________________________________________________________________________ 
Soil Evaluator: __________________________________________________________________   License Number: _____________________________ 
Weather: _____________________________________________________________________ Shaded: Yes#   No# Time: __________________ 

Horizon Boundaries Soil Colors  Re-Dox Description TH_______ 
Horizon 

 
Depth 

Dist Topo Matrix Re-Dox 
Features Ab. S. Con. 

 
Texture 

 
Structure 

 
Consistence Soil 

Category 

             

             

             

             

             

             

Horizon Boundaries   Soil Colors Re-Dox Description TH_______ 
Horizon 

 
Depth 

Dist Topo Matrix Re-Dox 
Features Ab. S. Con. 

 
Texture 

 
Structure 

 
Consistence 

Soil 
Category 

             

             

             

             

             

             

 
Sample form used for DEM ISDS Site Evaluation Report

 
Part A (Side 1) Soil Evaluation 

 

To be completed by a Class IV Soil Evaluator 

Soil Class:___________________________________________________ Total Depth of each Test Hole: ___________________________________ 
Depth to Groundwater Seepage: _________________________________ Depth to Impervious or Limiting Layer: _____________________________ 
Estimated Seasonal High Water Table: ____________________________ Comments: __________________________________________________ 
________________________________________________________________________________________________________________ 
________________________________________________________________________________________________________________ 
 

revised 5/8/01
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Part B 
 

Site Evaluation – to be completed by  Class II or III Designer or Soil Evaluator 
Please use the area below to locate: 
1. Test holes 
2. Approximate direction of due north 
3. Offsets from test holes to fixed points such as street, utility pole, or other permanent, marked object 

Key: 
         Approximate location of test holes 
 
          Estimated gradient and direction of slope 
 
        Approximate direction of due north 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
                                                                                    
 
1.  Relief and Slope: 

 

Sample form used for DEM ISDS Site Evaluation 
 

Part B (Side 2) Site Evaluation 
 

To be completed by a Class IV Soil Evaluator,  
or a Class II or III ISDS Designer  

2.  Presence of any watercourse, wetlands or surface water bodies, within 200 feet of test holes: YES!  NO!  If yes, locate on above sketch. 
3.  Presence of existing or proposed private drinking water wells within 200 feet of test holes: YES! NO! If yes, locate on above sketch. 
4.  Public drinking water wells within 500 feet of test holes: YES! NO! If yes, locate on above sketch. 
5.  Is site within the watershed of a public drinking water reservoir or other critical area defined in SD 19.00?  YES!  NO! 
6.  Has soil been excavated from or fill deposited on site?  YES! NO! If yes, locate on above sketch. 
7.  Site’s potential for flooding or ponding: NONE! SLIGHT!  MODERATE! SEVERE! 
8.  Landscape position: 
9.  Vegetation: 
10.  Indicate approximate location of property lines and roadways. 
11.  Additional comments, site constraints or additional information regarding site:__________________________________________________________ 
___________________________________________________________________________________________________________________________ 
___________________________________________________________________________________________________________________________ 
Certification 
The undersigned hereby certifies that all information on this application and accompanying  forms, submittals and sketches are true and accurate and that I have 
been authorized by the owner(s) to conduct these necessary field investigations and submit this request. 
 
Part A prepared by:    Part B prepared by: 
___________________________________________________________ ______________________________________________________________ 
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Signature  License # Signature   License # 
 

 FOR OFFICE USE ONLY 
Decision:   Approved # Disclaimed # 
Comments:________________________________________________________________________________________________________________________________
_________________________________________________________________________________________________________________________________________ 
_________________________________________________________________________________________________________________________________________ 
_________________________________________________________________________________________________________________________________________ 
____________________________________________                  ____________________________ 
Signature Authorized Agent  Date                                                                                                   
 

revised 5/8/01 
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Principles of on-site sewage treatment and disposal 
 

Wastewater Characteristics 
• Microorganisms 
• Fecal Coliform  
• Pathogens 
• Nutrients 
• Organic Chemicals 
• Toxic Chemicals 
 
Septic System Treatment 
• Collect and separate solids and grease from wastewater 
• Waste decomposition by physical, biological and chemical processes in the system and in the soil 
• Disposal of the treated water 

 
  

Principles of On-Site Sewage Treatment and Disposal 
Function of a septic tank, d-box, drainfield 

Biomat – What is it?  How is it formed?  Where is it formed?  What does it do?  

Long-term acceptance rate (LTAR) 

Soil Physical Properties 

Adsorption versus absorption 

Denitrification 

Nitrification 

Aerobic versus anaerobic 

Nutrients found in septic system effluent (nitrogen, phosphorous) 

Nitrate 

 

Regulatory 
Percolation test 

Site evaluation 

Soil evaluation 

Impervious in “ISDS Terms” 

Proprietary treatment systems versus sand filters  



Cross section of a single compartment septic tank 
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Configuration of a conventional septic system 
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Advanced Treatment Options 
 

Some properties are encumbered with site constraints which preclude the use of a 
conventional septic system.  In such cases an Innovative or Alternative (I/A) system may 
be considered by the designer.  DEM maintains a list of Department approved 
technologies, for this purpose.  This list includes proprietary systems, and system 
components, manufactured and marketed by a business entity as-well-as non-proprietary 
sand filters. 
 
Proprietary systems which pass the approval process are issued an approval for a 
specific use, two examples are TSS and BOD reduction or TSS, BOD and nitrogen 
reduction.  The appropriateness of a technology is a function of the site for which it is 
proposed.  The vendor of the technology is required to provide with the technology a 
design manual. 
 
Sand filters are not purchased as a complete system from a vendor.  The DEM has issued 
guidance documents presenting proper design, installation and use of these technologies. 
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Geology and Parent Soils of Rhode Island 

 



The following five pages have been excerpted from “Soils of Rhode Island Landscapes” 
University of Rhode Island Agricultural Experiment Station Bulletin 429, January 1988, written 
by William R. Wright and Edward H. Sautter.
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A. 

B. 

Origin of bodies of ice-contact stratified drift.   
A. Stagnant glacier ice affords temporary retaining walls for bodies 

of sediment built by streams and in lakes. 
B. As ice melts, bodies of sediment are let down and in the process 

are deformed.  
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Landforms and Soil Parent Materials 
 
 

Parent Material Landforms 
Glacial Till 
     Dense Till (DT) 
    Basal Till 
    Lodgement Till 
    Compact Till 

 
Drumlins 
Till Ridges 
Ground Moraine 
 

Loose Till (LT) 
      Ablation Till Moraines 

Outwash 
     Proglacial outwash 
    Ice-Contact Outwash 

 
Outwash Plains 
Kames, Kettles, Eskers (KK) 

Alluvial Floodplain (FP), Stream Terrace 

Eolian Variable;  
outwash plains & till ridges 

Organic Deposits (OR) Depressions, low areas near 
streams and ponds 

Coastal Dune Coastal sites; shoreline beaches 

Lacustrine Glacial lakebed sediments 

Shallow to Bedrock (BR) Variable; often irregular 
 
The following two pages provide some examples of various parent materials/geologic setting identified on topographic maps.  



 

KEY 
DT – Dense Till 
LT – Loose Till 
KK – Kame & Kettle 
OR – Organic Deposits 
OWP – Outwash Plain 
? – Unable to make a good assumption based on depiction of topography

Study Guide - RI DEM Soil Evaluator Examination Page 47 of 65 



KEY 
DT – Dense Till 
LT – Loose Till 
BR – Bedrock outcrops/shallow depth to bedrock 
OR – Organic Deposits 
FP – Flood Plain 
? – Unable to make a good assumption based on depiction of topography
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This article and images used with permission of Jim Turenne.  It is available on the web from: 
http://nesoil.com/properties/index.htm
  
 
 

Soil Morphology as An Indicator of Seasonal High Water Tables 
 

Peter C. Fletcher 
U.S. Department of Agiculture Soil Conservation Service 

Middleboro, MA 02346 
and 

Peter L.M. Veneman 
Department of Plant and Soil Sciences 

University of Massachusetts 
Amherst, MA 01003 

 
 

Introduction: 
 
The study of soils has a long tradition in the field of agriculture, but only during the last 2 decades has it become 
familiar to people concerned with site-suitability assessment for onsite sewage disposal. For instance a number of 
states, including Maine and New Hampshire, have adopted onsite sewage regulations partly or entirely based on 
soils information. 
 
Highest groundwater levels and water table fluctuations are routinely estimated by soil scientists from a soil's 
morphology, mainly the soil color. Gray colors are associated with saturated and chemically reducing soil 
environments, while yellowish-brown colors are related to generally aerobic and chemically oxidizing conditions. 
Soils without any excess water during the year usually are aerated and yellowish-brown-colored. Soils with high 
water tables during some part of the growing season, generally the early spring when snow melts, exhibit gray 
coloration at the depth of the high water mark and below. The grayer the soil, the more distinct the wet period is. 
Many soils in New England exhibit both gray and yellowish-brown colors, reflecting the presence of an elevated 
water table in spring and a drier, more aerated condition during late spring and summer when the water table 
subsides. 
 
Soil classification provides a powerful tool for assessing the soil-water state throughout the year, particularly the 
Estimated Average Seasonal High Water Table (EASHWT) level. This paper describes the environmental 
conditions affecting soil color formation, the role of saturated soil conditions in the creation of gray colors, the 
application of the Munsell system for soil colors, and the limitations of soil morphological criteria in determining 
the EASHWT. 
 
Soil Color Formation 
 
Soil colors are commonly associated with the presence or absence of iron. Weathering of soil minerals is a slow 
process but with time causes the release of mineral constituents to the environment. Soluble weathering-products are 
removed from the soil profile, while more stable compounds will precipitate. Iron (Fe), released from a mineral, 
frequently coats soil particles with thin oxide-coatings. Well-aerated soils typically are yellowish-brown-colored 
from these iron-oxide (FexOz) coatings. Depending on the intensity of the weathering cycles, the iron-oxides may 
display different colors. In New England, the dominant soil color is brown to yellowish-brown, caused by the 
mineral goethite (FeO.OH). Very intense weathering under well-aerated conditions causes formation of the red-
colored mineral hematite (Fe203), while the yellowish-colored mineral limonite (FeO.OH.nH20) forms in more 
humid environments. 
 
Soil is not a sterile medium but contains large numbers of microorganisms, which, under conditions favorable for 

http://nesoil.com/properties/index.htm


their particular species, flourish and multiply greatly. Most of these organisms generate energy from the oxidation of 
soil organic-matter, which enables them to perform basic life functions. When the soil becomes saturated from 
flooding events or high groundwater levels, the oxygen in the soil system exhausts within a few days; anaerobic 
conditions prevail. The longer the saturation is, the greater the oxygen deficiency. Organisms that depend on oxygen 
for sustenance perish or become dormant. Under anaerobic conditions certain microorganisms can derive energy 
from the chemical reduction of compounds like oxidized iron (Fe3+, called ferric iron) to reduced iron(Fe2+, called 
ferrous iron). The energy thus generated is used to create life-sustaining chemical compounds for the bacteria from  
 

 
 

This photo shows redox concentrations (bright yellowish-brown colors 10YR5/6 munsell color), redox 
depletions (gray colors - 2.5Y 6/1 colors) with a pale yellowish-brown matrix color (2.5Y 5/3 munsel color). 
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This photo shows a redox depletion (5BG 6/0 munsell color) along a dead root channel (visible in the center) 

with redox concentrations (10YR 5/6) around the depleteion. 
 
 
 
soil organic-matter. Basic requirements for this reduction process are absence of oxygen, as induced by saturated 
soil conditions, temperatures above biological zero (41 degrees F), and presence of organic matter. 
Prolonged soil-saturation results in anaerobiosis leading to the formation of mobile ferrous iron. The migrating 
groundwater redistributes the iron throughout the soil profile. Subsequent drainage restores aerobic conditions, but 
some iron coatings on the minerals may have been entirely removed, leaving the grayish surface of the mineral 
grains exposed. During drainage, some areas around pores, cracks, and root channels become dry and aerated more 
quickly than the rest of the soil. Ferric iron precipitates in these places, forming reddish-brown spots. During periods 
of alternating wetting and drying cycles, such as seasonal high groundwater, ferrous iron does not transfer out of the 
soil profile entirely but moves over short distances only and precipitates during the drying phase. Such conditions 
are characterized by blotches of gray and reddish-brown soil colors occurring at the same depth. The longer the 
saturation period, the more pronounced the reduction process, and the grayer the soil becomes. This pattern of spots 
or blotches of different color or shades of color interspersed with the dominant color is called soil mottling. 

 
During the last 100 years, soil scientists used soil colors to predict the drainage status of a soil. Occurrence of gray 
colors at a particular depth marks the presence of elevated groundwater levels at that depth during part of the year. 
The grayish colors do not form rapidly but result from many cycles of soil saturation. Those colors are not easily 
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obliterated; they serve as an almost permanent marker of the mean groundwater elevation at a site. Gray colors by 
themselves do not, however, indicate the duration of the anaerobic event, only that a water table exists there part of 
the year. 
 
Munsell Color System 
 
Soil colors are expressed in terms of hue, value, and chroma, in accordance with the standardized Munsell color 
system (Soil Survey Staff, 1951). Hue refers to the wavelength, value expresses the degree of lightness or darkness, 
whereas chroma notes the purity or strength of a particular color (Munsell, 1974). This system is used to describe 
the matrix or dominant soil color and the blotches of less-prevalent colors commonly called mottles. 
 

 
 

10YR Munsell Page 
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Determining the Estimated Average Seasonal High Water Table 
 
The presence of low chroma colors covering over 5% of the surface area exposed in a soil pit marks the level of the 
mean seasonal groundwater elevation in most New England soils-the Estimated Average Seasonal High Water 
Table (EASHWT). Low chroma colors result from reduction / oxidation cycles occurring over many years 
(generally in terms of centuries), which makes this estimation method a reliable and conservative indicator of 
maximum seasonal groundwater elevation. Occasionally, the groundwater may be found at shallower soil depths, 
but there is no scientifically sound method to assess accurately this highest-ever level. If that interval is short, 
aerobic soil conditions persist; consequently, no low chroma colors are formed. 
 
Soil mottling within coarse textured sandy soils is typically less distinct and not as gray in color as those associated 
with finer textured soils. Interpreting the soil morphology within these areas is often more difficult. A soil feature 
unique to some coarse textured soils is a dark reddish or yellow layer often referred to as a rust line. This feature can 
form within the soil through two contrasting processes which may or may not be the result of a high water table. 
Those not associated with a water table may develop when percolating water is momentarily interrupted as it passes 
through different soil strata. This brief pause may cause dissolved iron within the water to precipitate out and over 
many years develop a bright red or yellow streak. This soil feature is common within some stratified sand and gravel 
deposits, and can often be observed on the sides of gravel pits high above any water table. This streaked or blotchy 
pattern of bright colors formed under aerobic soil conditions also is referred to as mottling. 
 
Only in a few unique situations does a rust line result from a fluctuating water table. Rust lines associated with a 
water table are the result of the fluctuating water table and dissolved iron in the ground water. As the water level 
fluctuates, dissolved iron precipitates, forming a coating on the surface of soil particles and with time develops a 
bright red and yellow line in the soil. For a rust line to be interpreted as an indicator of the EASHWT elevation it 
should meet some or all of the following criteria: the rust line should appear as a nearly continuous band on all sides 
of the deep observation hole; it should be on a nearly level plane within the hole; soil mottling should be observed 
below the rust line; and in some situations dark nodules or layers (iron pans) of hardened or cemented soil material 
are present within the rust line. In situations where gray color mottles occur above a rust line, the elevation of the 
gray mottles not that of the underlying rust line, should be interpreted as the height of the EASHWT. 
 
Low chroma colors are not always present, even though the soil has distinct periods of saturation. For instance, 
reddish-colored soils in Worcester County and in the Connecticut River Valley have such high iron contents that 
low chroma mottles are masked. Also, in soils developed in stratified deposits consisting of alternating layers of 
fine-grained and coarse- grained materials, the more clayey layers may be quite gray-even though the soil is never 
totally saturated and the maximum water table may actually be much deeper than the low chroma colors indicate. In 
such situations, the presence of the yellowish-brown-colored sandy layers shows that the drainage of that soil is 
much better. 
 
Some of the coarser textured soils in Cape Cod and southeastern Massachusetts, and loamy in the Berkshires at 
elevations above 330 m (1100 ft) have a gray-colored layer directly below the topsoil. Incomplete breakdown of soil 
organic matter in the topsoil results in the formation of low molecular-weight organic acids, which causes extensive 
leaching in underlying soil layers unrelated to anaerobic soil conditions. The iron is stripped from the sand gains by 
the process of chemical complexation resulting in gray colors. Soil scientists call this process podzolization, and the 
brownish-colored underlying soil layers constitute a better indicator of the actual hydrology than the grayish-
colored, leached layer. Other situations, where wet soil conditions do not necessarily cause distinct low chroma 
colors, occur in soils with organic matter distributed throughout the soil profile, such as in frequently flooded fluvial 
soils. 
 
Sometimes soils exhibit low chroma colors that do not result from seasonal anaerobic conditions. Soils high in dark-
colored phyllitic minerals inherited low chroma colors from their geologic parent materials; over 10,000 years of 
soil formation have not released sufficient iron to give the soil a uniform brown appearance. Also, some well-
drained soils developed in glacial till are distinctly yellowish-brown-colored in the subsoil but become grayer with 
increasing depth because of the greater degree of weathering in the upper part of the profile. This does not 



necessarily indicate the presence of a elevated groundwater level. 
 
Soil morphology is not a reliable indicator in drained soils. Soil colors and patterns develop as a result of a 
fluctuating seasonal high water table and leave an almost-permanent marker within a soil. Even when these soils 
have been drained for many years, this morphology persists and the altered hydrology may be misinterpreted. 
Areas of fill also present a problem. The time needed to develop soil wetness morphology within fill material is 
variable. Depending upon the kind of fill soil texture, presence of organic matter, kind of vegetative cover and 
chemistry of the ground water, the time needed to develop soil colors in fill material may vary from a few years to 
several decades or longer. 
Soil science provides a powerful tool for interpreting the Estimated Average Seasonal High Water Table level 
throughout-the-year, even during dry seasons when water tables may not be present. In many situations, trained 
personnel without a formal soil science education can make reliable interpretations. However, in areas of unique and 
complex soil conditions or disturbed sites careful consideration of the soil's morphology, the kind of parent 
materials, the position of the soil in the landscape, and topography need to be assessed by a qualified soil scientist 
before a determination can be made. 
 
Natural Soil Drainage Classes: 
 
Soils are divided into drainage classes depending on the frequency and duration of periods of saturation or partial 
saturation during soil formation. 
 
Excessively and somewhat excessively drained soils typically have sandy and gravelly textures within the subsoil 
and substratum. They have bright colors (strong brown to yellowish brown) in the subsoil that fade gradually with 
depth. Seldom are there mottles within the upper 5 feet of soil material and water tables are generally below 6 feet. 
Well-drained soils typically have bright colors in the subsoil that fade gradually with depth. These soils are free of 
mottling to depths greater than 40 inches. Water tables are generally greater than 6 feet. 
Moderately well drained soils generally have bright colors in the upper portion of the subsoil and are mottled 
between 15 and 40 inches beneath the soil surface. These soils are wet for a short but significant part of the year. 
Moderately well drained soils commonly have a restrictive layer, seepage water, or a seasonal high ground water 
table at a depth of 24 to 40 inches. 
Somewhat poorly drained soils generally have grayish (chroma 3 or 4) subsoils underlain within 24 inches by 
horizons with low chroma dominant colors. The upper subsoil may or may not have mottles. Seasonal water table is 
between 12 to 24 inches. 
Poorly drained soils typically have a blackish surface layer that is underlain by a gray subsoil that is mottled. These 
soils have a water table at or near the surface for a significant portion of the year. 
Very poorly drained soils typically have ponded water on the surface or a water table at or near (<6" below) the 
surface for most of the year. Very poorly drained soils can be divided into those that developed in mineral deposits 
and those that developed in organic material. Very poorly drained mineral soils have a dark (black) organic surface 
layer underlain by a gray (gleyed) subsoil and substratum. Very poorly drained organic soils developed in thick, 
dark (often black) deposits of partially or well-decomposed organic matter, and are black in the topsoil, subsoil, and 
substratum. 
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Glossary of Soil Terms 
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The following glossary of soil terms is provided for your convenience.  Online 
glossaries of soil terms are available through http://nesoil.com/; the glossary’s 
URL is http://nesoil.com/gloss.htm and the Soil Science Society of America 
website: http://www.soils.org/sssagloss/
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7. Onsite Wastewater Treatment Systems Manual  (EPA/625/R-00/008). 

United States Environmental Protection Agency Washington, D.C.  
 
The new EPA Manual (Reference Number 7) complements the "Design Manual for Onsite Wastewater 
Treatment and Disposal Systems" (EPA-625/180-012) that was originally published in 1980. The Manual is 
available for download via a link on the DEM website: 

 
http://www.state.ri.us/dem
 

• Select “Programs” 
• Select “Water Resources” 
• Select the “Professional Licenses” icon from the bottom of the screen 
• Select “ISDS” 
• The link “2002 EPA Design Manual” is located in the purple bar on the left side of the screen. 
 
The Manual is a large electronic file and the entire document may take several minutes to download however you 
may select the option to download chapter-by-chapter.   
 
If you can't download the Manual, you may order a printed copy from: 
 
Hard copy of this Manual is only available from the National Service Center for Environmental Publications 
(NSCEP). To order, contact the NSCEP via: 
Phone (800) 490-9198 or (513) 489-8190  
Fax (513) 489-8695  
Web site http://www.epa.gov/ncepihom/ordering.htm 
Be sure to specify EPA Document Number 625/R-00/008 when ordering. 
 
Information on septic system basics is available at the URI Cooperative Extension Onsite 
Wastewater Training Center’s website at http://www.uri.edu/ce/wq/. 
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